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A Critical Look at Smart Wheelchairs
Benjamin Narin1, Makenzie Brian1, and William D. Smart1
Abstract— Research into smart wheelchairs has been con-
ducted for decades, but we have yet to see the widespread use
of this technology among full-time wheelchair users. We argue
that the main reason for this is that there is a mismatch between
research and the actualities of using a powered mobility device
in the real world. Based on our own research experiences, we
enumerate some of these disparities, and offer some suggestions
for where work in smart wheelchairs might focus in the coming
years.
I. INTRODUCTION
Research into smart wheelchairs has been carried out
since the 1980s [1], [2]. However, after almost forty years
of effort, we have yet to see a widespread adoption of
this technology. Although some self-driving wheelchairs are
actually operating in the real world [3], they are designed
to carry people who are not normally powered wheelchair
users. We believe this is a key point that greatly simplifies
the problem. Wheelchairs with sensors are simply not the
same as robots.
Despite the fact that there is a large body of excellent
work in this area, we claim that there is still a long way to go
before we can realize the full potential of smart wheelchairs.
Critically, we must take a hard look at the realities of
powered mobility devices as they are used in everyday life.
We begin with a brief survey of related work, offer
thoughts on the complications of designing a practical smart
wheelchair system for everyday use, and finish by offering
some suggestions for future directions in this field.
II. RELATED WORK
Smart wheelchairs incorporate sensors that allow the sys-
tem to perceive its environment and react to it. Leaman and
La [4] give a comprehensive survey of smart wheelchair
research. While there are many such systems described in
the survey, we have noticed some commonalities.
Many of the wheelchairs that they describe are used in
a research setting, often at a university. A number of these
systems, 48 of the 155 cited papers, focus on a navigation
task where a human user is not required to be considered.
While navigation is important, it also fails to consider
complexities of the real world.
Additionally, a common theme in smart wheelchair work
is to not address long term applications. This assumption is
indicative of the lack of real-world focus currently in the
area of smart wheelchairs.
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III. COMPLICATIONS
In this section, we discuss the complications of imple-
menting a smart wheelchair system for practical, daily use.
A. Physical Structure and Environment
It is tempting to analogize a smart wheelchair to a robot
or a self-driving car [4], since these share the same basic
components: sensing, computation, and mobility. But this
analogy breaks down in a subtle way: for a robot or a
car, we can create a physical model, used by the navigation
system, that does not change over time. We know, with great
accuracy, where the physical boundaries of the robot are.
While we can do this for the wheelchair itself, it will be
different when there is someone using it. People will move
the seat, hang things on the side of the chair, and lean outside
the defined boundary. All of these things change the “shape”
of the wheelchair, and the volume that we must check for
collisions.
B. Environment and Social Conventions
By simply keeping the wheelchair further away from
obstacles, we can address these un-modeled elements. This
works in a building that complies with the Americans with
Disabilities Act (ADA). However, due to cost, many full-time
wheelchair users live in ADA non-compliant spaces, with
narrow hallways and doors. Padding the navigation system
with a safety buffer can cause problems in these places, since
doorways might be too confined for the system to safely plan
a path through.
Self-driving cars work, in part, because of an assumption
that there is a highly detailed map in which the car is
well-localized [5]. While we can build maps for our smart
wheelchairs, they are subject to drastic change over time, as
rooms are rearranged, and people wander through. Localiza-
tion, too, is problematic in cluttered environments. A more
serious inconsistency in the analogy with self-driving cars
is the assumption of a set of fixed social rules. Cars drive
on a particular side of the road and usually follow well-
defined protocols. This is not true of wheelchairs, which must
operate in a more fluid social environment. How close they
can come to people and objects varies by context and cultural
setting. While the repercussions of navigation mistakes in
a smart wheelchair are less likely to be fatal than in an
automobile, they are far easier to make, and can lead to
confusion, embarrassment, and physical harm.
C. Sensors and Control
Individuals modify their wheelchairs, both to personalize
them and to install medically-necessary equipment on them.
Backpacks, catheter bags, computers, respirators, and other
equipment adorn the chairs of most long-term users. These
things are tricky to model, and can obscure sensors on the
chair. The user’s feet, which typically are in front of the chair,
occlude one of the most critical regions for navigation. This
leaves us with one option: mount the sensors above or outside
of the areas where they could be blocked. However, this
can lead to a larger chair footprint, and odd-looking “sensor
masts” which, anecdotally, are aesthetically unappealing to
many of the wheelchair users we have spoken with.
In order to use sensors, we must know where they are in
respect to some fixed coordinate frame, often the base of
the robot. If we mount them on a moving part of the robot,
such as an arm, then we must have sensors that accurately
report the position of that part, so that we can calculate where
the sensor is. In many powered wheelchairs, the seat can
be moved by the user to a variety of positions. Mounting
the sensor on a part of the seat, such as the footrest, is
similar to mounting it on the arm. However, commercial
wheelchairs typically do not allow access to or possess
internal position encoders, so determining the sensor position
can be impossible. A manufacturer could enable this ability,
but there is little commercial incentive to do so. The same is
true of the drive system; a direct programmatic interface to
the wheel motors and the ability to read the wheel rotation
sensors would greatly simplify work with smart wheelchairs.
While sensors are clearly necessary, and more data is
always better, some systems [6] incorporate a large number
of costly sensors. This is useful for research purposes, but
creates problems when transitioning to a production setting
where cost must be minimized.
D. Cost and Medical Insurance
Additionally, devices that are not “medically necessary”
are often not covered by insurance in many countries. Much
of the functionality of smart wheelchairs is not “necessary”
by the technical definition. This leads to the question of who
pays for this functionality and what level of cost is realistic.
E. Risk
Finally, we must consider risk, both physical and legal,
and its role in the adoption of smart wheelchairs. For a
person with limited personal mobility, the risks associated
with a wheelchair failure are high. If navigation fails, the
user may be unable to stop the chair from hitting an
obstacle. On robots, this is handled using an emergency
stop button. Conversely, many wheelchair users with severe
physical disabilities cannot reliably operate such a device.
This personal risk leads to a legal risk. If a person is injured
using a smart wheelchair, the manufacturer is exposed to
legal liability. Since, as in the case of self-driving cars, there
is little legal precedent for this type of litigation, the risk
exposure is unbounded. This is a significant disincentive for
manufacturers to invest in smart wheelchairs.
IV. CONCLUSIONS
While there has been a lot of research in the area of
smart wheelchairs, there are currently very few real-world
deployments. We have discussed some of the mismatches
between much of the extant research and the realities of
using a powered mobility device. As we have tried to move
from the laboratory to the real world, we have experienced
many of these pitfalls in our own work. Despite the litany
of problems highlighted in this paper, we remain extremely
optimistic for the future of smart wheelchairs. With a slight
change in focus, we strongly believe this technology will be
present in everyday life before long.
Inspiration can be drawn from the automobile industry.
Technologies like lane assist, parking assist, backup cameras,
and blind-spot detection have made the driving experience
better and safer without full autonomy. As with the au-
tomobile industry, autonomous navigation will eventually
be developed for smart wheelchairs since it is a desired
feature [7]. This development relies on many factors such as
advancements in sensor technology, rapidly dropping sensor
costs [8], and the support of wheelchair companies. The
social and legal precedents currently being set by companies
developing commercial autonomous robots will help shape
how smart wheelchairs are addressed.
As with anyone with a routine, much of a wheelchair
user’s time will be spent in only a few locations. Modify-
ing the environment rather than the wheelchair eliminates
many of the problems with instrumenting a wheelchair. By
developing and deploying Internet of Things (IoT) devices
combined with simple on-board sensors, complex features
can be realized with relatively little effort.
In the short term, we value focusing on technologies
to improve the quality of life of wheelchair users instead
of focusing on self-driving wheelchairs. Backup cameras,
location-aware chairs that interact with IoT devices, and
activity monitors are examples of such enhancements. Tech-
nologies like these are more straightforward to implement,
rely on the human for robust decision-making, and will help
to bridge gap to higher functioning smart wheelchairs.
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